This paper examines the first three moments of investors' expectations for the housing sector. That is, first, what do financial markets imply about expected future home prices? Second, how much confidence do investors have in their forecast? And, third, do market participants see more downside than upside risk? Housing futures and options, which trade on the Chicago Mercantile Exchange (CME), are not yet deep and liquid, and derivatives on homebuilders' shares reflect considerable idiosyncratic information and are therefore an imperfect proxy. Nonetheless, prices suggest that investors currently expect some mild depreciation in home values within the next year. Also, uncertainty has increased, but, generally inconsistent with the perception of a "bubble," the implied risks do not seem particularly tilted to the downside. Probability density functions derived from options on homebuilders' stocks are not appreciably skewed to the left in general, vis-à-vis the broader market, or with respect to recent history.
Introduction
The controversial question of whether or not there is a "bubble" in home prices aside (Case and Shiller, 2003; McCarthy and Peach, 2004; Himmelberg et al., 2005) , this paper addresses the first three moments of investors' expectations for home prices in particular and the broader housing sector in general. In other words, first, what is the mean expectation for the path of home prices? Second, how uncertain are investors about that mean projection? And, third, do investors see the risks to the outlook for housing as considerably skewed to the downside as opposed to the upside, which might be consistent with the perception of a bubble?
We can readily assess the moments of investors' expectations for other financial the financial assets of firms whose prospects are broadly tied to home prices, nonetheless contain some key information about investors' views of the sector. Indeed, CME housing futures currently suggest that market participants expect home prices to decelerate sharply or actually decline a little within the next year, although the anticipated drop is mild compared to some estimates of the purported overvaluation of the housing market. In addition, market participants seem more uncertain about the trajectory of home prices, as implied volatilities on the few CME options that have traded thus far are generally greater than the realized historical volatilities on the underlying indexes. Finally, probability density functions (PDFs) implied by options on select homebuilders' shares are only marginally negatively skewed at the present time.
Moreover, the current skew of these densities is broadly comparable to that of the equity market as a whole, and skewness has not noticeably increased over time for these firms. Caveats about this proxy notwithstanding, this suggests that market participants do not in fact view the risks to home prices or, perhaps more accurately, to the broader housing sector as especially tilted to the downside.
The remainder of this paper is organized as follows. The first, second, and third sections cover the first three moments of investors' expectations derived from the CME contracts and derivatives on homebuilders' shares. Section 4 concludes.
The First Moment: The Expected Path for Home Prices
CME housing futures and options are a potentially useful indicator of investors' expectations for home prices over the horizon of these instruments. This section outlines some of the details of these contracts and describes the predicted change in future home values implied by current market prices.
Market Mechanics and Liquidity
CME housing futures and options are written on the S&P/Case-Shiller Indexes (CSI) for ten metropolitan areas as well as a (market-capitalization weighted) composite based on the regional indexes. 2 For each of these, the exchange lists four cash-settled futures contracts that expire in the quarterly cycle of February, May, August, and November. The February "tradable"
CSI index reflects data collected through the middle of that month regarding activity in October, 2 The indexes are established at 100 for the base year of 2000. Similar to the OFHEO indexes, the CSI indexes match sales on the same property ("repeat sales" methodology), but unlike the OFHEO indexes, the CSI is not confined to Fannie Mae and Freddie Mac conforming mortgages. 
Current Market Prices and the Central Tendency of Expectations
Although these futures markets are very small, we can nonetheless glean some information from current futures prices, perhaps particularly with respect to the first moment of investors' expectations. This is different from futures on other financial instruments, such as stocks, for which a simple arbitrage relation links the spot, futures, and the risk-free rate. The standard futures arbitrage relation implies that
where F is the futures price, S is the spot price of the underlying stock, r is the risk-free rate, and τ is the time to maturity. But, this argument would not seem to hold in the housing market.
Simply, the transactions costs associated with purchasing the underlying CSI index and taking the requisite position in cash are prohibitive. Also, the "spot" price is not directly observable, because the (tradable) CSI is released with a two-month lag. To put these projections in more historical perspective, the top panel of Figure 1 shows the growth rates in the composite, Miami, and Los Angeles indexes from January 1987 through interest broadly suggest that, although these markets are very small, they are not inert.
The Second Moment: Implied Volatility
To go beyond mean expectations to higher moments, options are of course necessary.
Unfortunately, only a small number of CME housing options have traded to date. Nonetheless, to get a sense of the relative uncertainty surrounding the expected trajectory of the housing market, we can compute implied volatilities from these contracts and compare them with the historical variance of the underlying series. 
The Third Moment: Skewness
The second moment alone does not distinguish perceived downside risk from upside potential. To do so, we might consider calculating implied PDFs using the CME housing options. But with few liquid strikes per contract-expiry, we cannot yet compute full distributions of investors' expectations and thereby ascertain the degree of skewness (or other higher moments for that matter).
However, financial asset prices of firms whose fortunes are broadly tied to the housing sector might shed some light on the moments of investors' expectations, not only about home prices, but also more generally regarding the prospects for the broader sector. Indeed, housing sector stocks, as proxied by the S&P 500 Homebuilders Sub-index, significantly underperformed the overall market during the first half of 2006-consistent with some recent deterioration in the outlook for housing.
The remainder of this section outlines the use of derivatives on homebuilders' stocks to extract information about higher moments. Returns on some of these firms' shares may be positively correlated with changes in existing home prices and other relevant incoming news, conditioned on overall market returns. 7 If so, with due regard for idiosyncratic factors, if investors see more downside than upside risk to either home prices or the general housing sector, the PDFs of homebuilders' stocks should be skewed to the left, all else equal.
A Note on Sample Selection
In order to estimate the PDFs, we obviously can only consider those firms for which options sufficiently trade. As indicated in Table 4 , a leading Wall Street analyst covers seventeen homebuilders, and there are sufficiently liquid strikes for seven of these firmsBeazer Homes (BZH), DR Horton (DHI), KB Home (KBH), Lennar (LEN), Pulte Homes (PHM), Ryland Group (RYL), and Toll Brothers (TOL). 8 Table 4 also ranks these companies according to total assets, stock market capitalization, and sales, and the sample contains the four largest firms in terms of total assets.
How Reasonable is the Proxy?
Apart from specific firm characteristics, again, the key assumption underlying this analysis is that the stock prices of companies that build homes are closely tied to the perceived prospects for residential real estate. The more returns on these stocks empirically exhibit sensitivity to changes in home prices and other related news, conditioned on their market exposure, the more confidence we can have in extrapolating inferences about investors'
perceptions from the individual PDFs. But sensitivity to home prices per se aside, we can still draw some conclusions about investors' perceptions regarding the wider sector.
To test this notion, Tables 5-12 summarizes regression results with quarterly excess price returns on these seven stocks as well as an equally weighted homebuilders index as the dependent variable. The independent variables include excess returns on a market proxy, the S&P 500; the contemporaneous quarterly change in the CSI composite or, to capture particular regional exposures, the CSI indexes for Chicago, Denver, Las Vegas, Los Angeles, Miami, and New York; and the cumulative surprise component of housing starts and new home sales over the quarter, measured by the difference between the released value and the median prediction from the MMS survey.
Tables 6-12 examine the seven firms individually. Data for two firms generally do not corroborate the findings for the equally weighted index. For example, price returns for DR Horton (Table 7) The remaining cases lend some support to the overall finding. Although none of the results using data prior to 1994 are statistically significant, quarterly excess returns during the 1994:Q2 -2006:Q1 period for the remaining five firms-Beazer (Table 6 ), Lennar (Table 9) , Pulte Homes (Table 10) , Ryland (Table 11) , and Toll Brothers (Table 12) Table 9 , and Regression 1 in Table 11 ). But, curiously with respect to incoming data, returns on Pulte Homes are negatively correlated with new home sales surprises in the 1994:Q2 -2006:Q1 sample, at least with 10 percent confidence (Regression 3 in Table 10 ). Also, some of the regressions that include individual metropolitan Table 12 ).
All in all, although the proxy is far from perfect, the regressions summarized in Tables 5-12 imply that homebuilders' shares, and by extension derivatives on those claims, might contain useful forward-looking information regarding expected home prices in particular, in addition to the housing sector in general. The discussion now turns to options on the shares of these seven firms.
Some details on the Calculation of the PDFs
This paper makes no innovations with respect to methods of extracting PDFs from options prices, but a review of the methodology used here is instructive. Briefly, following Breeden and Litzenberger (1978) , the value of an option can be expressed as its discounted expected value under the risk-neutral measure, as in 
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where C is the value of a call option on stock S with strike K, t is the current date, T is the maturity date, r is the risk-free rate, and p is the (risk-neutral) density. Differentiating twice under the integral sign recovers the desired density, following
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Without continuously quoted strikes, we must interpolate between prices or implied volatilities.
The analysis in this paper closely follows Shimko (1993) and estimates a quadratic relation between implied volatility and strike, as in
where σ is the implied volatility associated with K. The resulting (smooth, twice differentiable) function is substituted for σ in the Black-Scholes formula and differentiated twice to obtain the density for prices at expiration. Finally, a simple transformation produces a distribution in terms of log price returns. As a caveat, there are a number of other possible interpolation methods and therefore ways to extract implied densities (Bliss and Panigirtzoglou, 2002) . Also, as discussed further below, I only estimate a given density over the range of quoted strikes and therefore depart from Shimko (1993) in that the estimation imposes no parametric form whatsoever.
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With a complete expression for a given density, we can compute all the moments, and this paper mainly concerns skewness and refers to two methods. Perhaps the most standard calculation, S, follows 
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where , for example, denotes the median of expected returns. Both measures have their advantages, but octile skewness is usefully bounded between +1 and -1.
( ) 12 Therefore, these densities do not suggest that investors see considerably more downside risk than upside potential in the sector.
Current Skewness among Homebuilders PDFs
One issue, again given that the estimation is completely non-parametric and only covers the range of quoted strikes, is that some of the densities are notably truncated. In particular, the distributions for Beazer and Ryland are truncated to the left, and the density for Lennar is truncated to the right. Those for DR Horton and Pulte seem truncated roughly equally in both directions. On the one hand, any remedy would involve some parametric assumption about the form of the distribution outside the range of quoted strikes. On the other hand, the precise degree of skewness is somewhat biased, albeit in both directions, across these cases. Crosssectional and time-series comparisons might be particularly relevant in this regard.
11 Octile skewness is similar to quartile skewness. See Hinkley (1975) . 12 Estimation of a single joint returns density for the seven firms as a whole would require strong assumptions about the covariance matrix of returns for this set of homebuilders.
Cross-sectional Comparisons of Skewness
Whatever the general degree of current skewness for the seven homebuilders, crosssectional comparisons are additionally useful. In particular, the question remains as to whether skewness for expected returns on homebuilders' shares is more or less pronounced than that currently observed for the broader stock market. Toward such an assessment, consider Figure 3 , which shows the PDFs for each of the four current outstanding expiries for options on the S&P 500, calculated by precisely the same methods as in Figure 2 .
These S&P 500 densities present a mild negative skewness through the first three horizons. In fact, the distribution for S&P 500 options that expire on December 16, 2006, which is closest to the January 19, 2007 expiry of options on the homebuilders stocks, is more skewed than the average skewness with respect to (6) or (7) among the homebuilder densities in Figure   2 . Therefore, the current snapshot does not suggest that investors perceive comparatively more pronounced downside than upside risks for individual homebuilders than for the market as a whole. Put somewhat differently, housing sector risk does not seem to drive the current degree of skewness in the overall market. 
Time-series Comparisons of Skewness
Comparisons over time among the same set of firms also help put the shape of the current distributions into perspective. Toward that end, A comment on the second moment given these historical PDFs may also be useful.
Although skewness does not seem to have increased over time, some evidence suggests that general uncertainty is greater than previously observed. Column 6 lists the 90 percent confidence interval, taken as ( ) ( )
and expressed in percentage log price returns, for the same three firms. The width of the confidence interval is highest for the most current observation for Toll Brothers and KB Home, and the latest observation Pulte Homes is near the sample peak. These results are broadly consistent with those in Table 3 , which again indicates that the implied volatilities from CME housing options are generally greater than the historical volatilities on the underlying indexes.
Conclusions
Although imperfect gauges, market prices of CME housing futures and derivatives on homebuilders' shares provide some useful information about investors' expectations for the housing market. In general, current prices are consistent with a mean expectation that home prices will decline a little before the end of 2006, although the extent of the anticipated contraction is modest compared to some estimates of overvaluation in the housing marke whatever the expectation for average home values, investors seem to be more uncertain about that projection. Current implied volatilities on CME housing options are large vis-à-vis historical volatilities in the CSI indexes, and the current widths of the implied densities fr options on homebuilders' stocks now stand at comparatively high historical levels. Finally, if market participants entertain the notion of a housing bubble, those PDFs should, all else equal, be skewed notably to the left. However, idiosyncratic factors aside, current equity derivatives suggest that the degree of skew is modest, especially compared to the implied distribution of th overall stock market as well as to historical densities.
Some additional analysis of these issues might t. Also, om e be instructive, particularly with respect to e thir st th d moment. For example, an examination of the extent to which financial markets price skewness risk might usefully supplement this inquiry. That is, just as we can think of implied volatility as the sum of expected volatility and a volatility risk premium, implied skewness from these distributions might be composed of expected skewness and a risk premium for the third moment. Even so, the relevant distributions vis-à-vis the market and historical data still sugge that skewness is modest, whatever the trends in its components. If such a risk factor commands a higher (lower) price in the current environment, then the expected component of skewness would concomitantly be lower (higher) nonetheless. 
